Frequently Asked Questions about the Hydromodification Management Criteria
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What is Hydromodification?

Why should | be concerned about hydromodification?

What is hydromodification management?

How do I know if the hydromodification requirements apply to my project?

. What if my project is located EAST of the Pacific/Salton divide, therefore outside

of the jurisdiction of the San Diego Regional Water Quality Control Board?

How do | know if my project, which is currently in the plan review process, needs
to meet the Interim Hydromodification Criteria or the Final Hydromodification
Criteria?

7. What is a geomorphic assessment and how do | perform one?
8.
9. How can | show that my project, which is a priority development project, is

How do I perform a continuous simulation model?

exempt?

10.Where can | find additional County of San Diego guidance regarding

1.

2.

3.

compliance?

What is Hydromodification?

» The change in the natural hydrologic processes and runoff characteristics
(i.e. interception, infiltration, overland flow, interflow and groundwater flow)
caused by urbanization or other land use changes that result in increased
stream flows and changes in sediment transport. In addition, alteration of
stream and river channels, installation of dams and water impoundments,
and excessive streambank and shoreline erosion are also considered
hydromodification, due to their disruption of natural watershed hydrologic
processes. The extent of hydromodification can be quantified by
observing the change of the flow-duration curve (representing the change
in discharge over time) for a given section from an initial condition to one
that results from human-influenced modifications in the watershed.

Why should | be concerned about hydromodification?

» Hydromodification is one of the leading sources of impairment in streams,
lakes, estuaries, aquifers, and other waterbodies in the United States.
Hydromodification not only changes a waterbody's physical structure, it
also changes its natural function. These changes can cause problems
such as changes in flow, increased sedimentation or erosion, higher water
temperature, lower dissolved oxygen, degradation of aquatic habitat
structure, loss of fish and other aquatic populations, and decreased water
quality. It is important to properly manage hydromodification activities to
reduce nonpoint source pollution in surface and ground water and to
ensure the effectiveness of the municipal storm sewer system.

What is hydromodification management?
» It is the management of post-project runoff flows and durations so that
they are maintained to the levels of the pre-project condition. More



specifically, to manage runoff such that development in the watershed
does not increase the flow-duration curve by more than a given
percentage for a specified range of significant flows.

4. How do | know if the hydromodification requirements apply to my project?

» If your project is a priority development project, it must manage
hydromodification impacts, or show that it is exempt. A project is a priority
development project if it is WEST of the Pacific/Salton Divide and has a
yes answer to any of the questions in the following table. Also, please
refer to the HMP Applicability Determination Decision Matrix (Figure 6-1 of
Final HMP on following page.) for more detailed guidance on navigating
the procedure.

Is the project in any of these categories?

Yes | No A Housing subdivisions of 10 or more dwelling units. Examples: single-family homes,

Q| a muld-family homes, condominiums, and apartments.
Commercial—greater than one acre. Any development other than heavy industry or
ves | No rcsid(:nltial. Ez{ar_nplcs: hospitals; lab(l)r‘altoncs and orhcr mcdic:%l facilities; educational 1_r151;imtions;
al o B | recreational facilities; municipal facilities; commercial nurseries; multi-apartment buildings; car
wash facilities; mini-malls and other business complexes; shopping malls; hotels; office buildings;
public warehouses; automotive dealerships; airfields; and other light industrial facilities.

Yes Heavy industry—greater than one acre. Examples: manufacturing plants, food
N e ing pl I working facilities, printing plants, and fl , k
ala pro;:cssmg plants, metal working facilities, printing plants, and fleet storage areas (bus, truck,

etc.).

Yes | No D Automotive repair shops. A facility categorized in any one of Standard Industrial

-Q | Q Classification (SIC) codes 5013, 5014, 5541, 7532-7534, or 7536-7539.
Restaurants. Any facility that sells prepared foods and drinks for consumption, including
stationary lunch counters and refreshment stands selling prepared foods and drinks for

Yes | No E immediate consumption (SIC code 5812), where the land area for development is greater than
a|a 5,000 square feet. Restaurants where land development is less than 5,000 square feet shall meet all

SUSMP  requirements except for structural treatment BMP and numeric sizing criteria
requirements and hydromodification requirements.
Hillside development greater than 5,000 square feet. Any development that creates

Yes | No F 5,000 square feet of impervious surface which is located in an area with known erosive soil
g, a ditions, where the development will grade on any natural slope that is twenty-fi ent or

con, L p g y p enty-five perc
greater.

Environmentally Sensitive Areas (ESAs). All development located within or directly
adjacent to or discharging directly to an ESA (where discharges from the development or
redevelopment will enter receiving waters within the ESA), which either creates 2,500 square feet

Yes | No G of impervious surface on a proposed project site or increases the area of imperviousness of a
| a d project site to 10% or more of its naturally occurrin diton. “Directly adjacent”

. proposed project site to y g con y adjace
means situated within 200 feer of the ESA. “Discharging directly to” means outflow from a
drainage conveyance system that is composed entirely of flows from the subject development or
redevelopment site, and not commingled with flows from adjacent lands.

Yes | No H Parking lots 5,000 square feet or more or with 15 or more parking spaces and
aja potentially exposed to urban runoff. .

Yes | No I Street, roads, highways, and freeways. Any paved surface that is 5,000 square feet or
aj]a greater used for the transportation of automobiles, trucks, motorcycles, and other vehicles.

Yes [ No | Retail Gasoline Outlets (RGOs) that are: (a) 5,000 square feet or more or (b) a projected
a|a Average Daily Traffic (ADT) of 100 or more vehicles per day.

This table can be found on SUSMP Page 5, Table 1-1, the Stormwater Intake Form, and both Major
and Minor SWMP Forms.
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Impervious Area
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11. Determine Domain of Analysis
See HMP Section 5.2
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Figure 6-1. HMP Applicability Determination (Figure 6-2 at end of this document)




5. What if my project is located EAST of the Pacific/Salton divide, therefore outside
of the jurisdiction of the San Diego Regional Water Quality Control Board?
a. Projects east of the Pacific/Salton divide are out of the jurisdiction of the
San Diego Regional Board and its NPDES Permit. Therefore, those
projects which disturb one or more acres are subject to the California
State Construction General Permit Hydromodification requirements, per
San Diego County DLI-LD-R, dated September 15,2010, which states:

“Priority Development Projects located to the west of the Pacific/Salton
Divide shall follow the hydromodification management methodology
described in the County’'s Standard Urban Storm Water Mitigation Plan
(SUSMP), per the Regional Stormwater Permit. Projects with
construction sites that disturb one or more acres of land surface located to
the east of the divide shall follow the hydromodification management
methodology described in the State General Construction Permit”

6. How do | know if my project, which is currently in the plan review process, needs
to meet the Interim Hydromodification Criteria or the Final Hydromodification
Criteria?

» Please verify with your County DPW project manager who will confirm with
County Counsel. Generally, if your project does not have a prior lawful
approval, it will have to meet the final hydromodification management
criteria. The Final Criteria go into full effect by January 14, 2011 at which
point all projects will be subject to the Final Hydromodification Criteria.

7. What is a geomorphic assessment and how do | perform one?

» If your project follows the interim criteria, review the PWA memo, dated
May 14, 2008 at the following link. It is only valid until January 14, 2011
when the final criteria go into effect.
http://www.projectcleanwater.org/pdf/susmp/hydromod_geomorphic_asse
sment_may_08.pdf
If your project is subject to the final criteria, please refer to the Mitigation
Criteria and Implementation and SCCWRP Screening Decision Matrices
(Figures 6-2 to 6-5 of Final HMP at end of this document) for more
detailed guidance on navigating the procedure.

8. How do | perform a continuous simulation model?

> If your project follows the interim criteria, review the B&C memo in
Appendix E of the Final HMP at the following link. It is only valid until
January 14, 2011 when the final criteria go into effect.
http://www.projectcleanwater.org/pdf/susmp/hmp_final _12-29-
09_clean.pdf
If your project is subject to the final criteria, please refer to the Mitigation
Criteria and Implementation and SCCWRP Screening Decision Matrices
(Figures 6-2 to 6-5 of Final HMP at end of this document) for more
detailed guidance on navigating the procedure.



9. How can | show that my project, which is a priority development project, is

exempt?

» You can show your project is exempt if it meets any of the following
criteria:

1.

The proposed project would discharge into channels that are concrete-
lined or significantly hardened, such as with riprap or sackcrete, down
to their outfall in bays or the ocean;

. The proposed project does not increase the impervious area or peak

flows to any discharge location;

The proposed project would discharge into underground storm drains
discharging directly to bays or the ocean;

The proposed project would discharge to a channel where the
watershed areas below the project’'s discharge points are highly
urbanized (more than 70% impervious);

The project is an urban infill project that discharges to an existing
hardened or rehabilitated conveyance system that extends beyond the
“domain of analysis” and the potential for cumulative impacts in the
watershed are low.

10.Where can | find additional County of San Diego guidance regarding
compliance?

» What are the current Minimal Submittal requirements for an HMP? See
http://www.projectcleanwater.org/pdf/susmp/hydromod_min_submittal_req
uirements2.pdf

» Where can | find additional information regarding HMP?
http://www.projectcleanwater.org/html/wg_susmp.html
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Figure 6-2. Mitigation Criteria and Implementation
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Figure 6-3. Mitigation Criteria and Implementation



Figure
6-2

I CHANNEL BED RESISTANCE

[

LABILE BED
* Sand-dominated
e dgy < 16 mm
* % surface sand > 25%

Y

INTERMEDIATE BED
* Moderately-to loosely-

packed cobble / gravel
* Hardpan of uncertain

.

COARSE/ARMORED BED

o dsg > 128 mm
« Boulder / large cobble
= tightly-packed

depth, extent erodibility » <5% sand
e Continuous bedrock
» Continuous concrete

» Loosely-packed

|

HIGH EXAMINE RISK FACTORS LOW
* grade control

* armoring potential

« proximity to incision threshold

S go to bed erodibility pot
Figure ! G Figure
6-5 checklists and incision 6-5

diagram check list

Fill out SCCWRP scoring
criteria to determine if the
receiving channel has a HIGH,
MEDIUM, or LOW susceptibility

HIGH MEDIUM LOwW

Go to
Figure
6-5

Figure 6-4. SCCWRP Vertical Susceptibility



a) likelihood of
bank failure

b) proximity to
braiding

LOW
« Fully armored / bedrock bank
stabilization in good condition
* No evidence of chute
formation / avulsions
* Fully confined, directly
connected to hillside, vwi~1

Moderately or well-consolidated

Figure
6-4

YES

y

ARE LATERAL
ADJUSTMENTS
OCCURRING?

YES

NO

y

None, or fluvial only limited to
bends and constrictions

ALL BANK STRATA

CONSOLIDATED
INCLUDING TOE?

NO
‘—< LATERALLY ADJUSTABLE? >

MASS WASTING OR
EXTENSIVE FLUVIAL
EROSION OR CHUTE
CUTOFF FORMATION

=

MED HIGH
VWI s 2 VWi > 2

Go to
Figure 6-3
of the
Decision
Matrix

Poorly or unconsolidated

- Y o = - Y =
----- \ F""--"'--""J'"""""”"- I'-""""""'"&-'"--”'--""U“"""

Bank height it Coarse Fine Fine

<10% logistic o f:)r E?ngle resistant toe, d unconsolidated unconsolidated

risk for angle

g AND VWI > 2 > 64 mm AND VWI = 2 AND VWI > 2
\ y
HIGH HIGH
Goto Go to
Figure 6-3 Figure 6-3
of the of the
Decision Decision
Matrix Matrix
i y \ 4
"""""""""" L 22 . Z2 e [ [
Braiding Braiding
risk 2 risk 2
50%7? 50%7?
} F'L'l | F_L'i ! !
LOW Low MED HIGH
Braiding MED HIGH Braiding MED HIGH Braiding Braiding
risk < 50% VWi < 2 VWI > 2 risk < 50% VWI = 2 VWI > 2 risk < 50% risk 2 50%

Flgure 6-3
of the
Decision
Matrix

Figure 6-5. Lateral Channel Susceptibility



s PWA

ERNVIROMMEHNTAL HYDROLBEY

550 Kearny Streat, Suite 3

115,262 23
MEMORANDUM
Date: May 15, 2008
To: Sara Agahi
Organization: San Diego County
From: Andy Collizon
PWA Project #: 1915
PWA Project Name: San Diego HMP
Subject: Geomorphic analysis for interim Hydrograph Modification Plan (HMFP)
Coprv(ies) To: File, Nancy Gardner
Purpose of this memo

The Interim HMP standard (February 2008) describes different options for applicants to prevent channel
erosion as a result of increased mneff from developed sites. In addition to interim flow control standards
and the option to use Low Impact Development (LIDY), there is a provision for applicants to carry out their
own geomeorphic assessment to demonstrate that the project will not canse erosion in the receiving water.
This memo describes why an applicant might perform a geomorphic assessment and what such an
assessment would typically involve.

Definitions of terms

5 — flow that recurs on average once every five vears in the receiving water at the point of compliance.
0.205 — 20% of the S-year flow.

10— flow that recurs on average once every ten years.

Banlfull flood — discharge that fully occuepies the main scoured section of the creek channel (to top of
bank for a non incised channel). In San Diego the bankfill flood is approximately the 5-year flow (Q3F)
under pre-development conditions.

Bengficial uses —uses designated by the RWOQCE as beneficial for a given water body. Uses may include
habitat, recreation. water supply etc.

Boundary shear stress — the erosive energy imparted by flowing water on the channel bed and banls.
Crifical shear sivess — the erosive energy above which flowing water causes sediment to start to erode
from a creek bed or banks. Vanes with particle size and cohesion

Channel-forming flow(s) — the flow or range of flows that conmlatrvely transport the majority of sediment
in a channel over a long period of time, and so contrel the size (cross sectional area) of the channel
through erosion and deposition (also referred to as geomorphically-significant flows, or effective flows).
Downstream limit of influence — the point below which no significant effects of a development can be
detected in the receiving channel. This can be due to one of three conditions (or a combination of all
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three): channel becomes hardened all the way from this point to the ocean; channel becomes depositional
from this point to the ocean, chamne] 15 jomed by tributaries or 15 a tributary to another channel where the
cunmilative flow of the combined channel is great encush that the project does not siznificantly alter the
pre-project condition.

Flow confrol —measures involving enhanced infiltration or swiface water detention that prevent mnoff
from leaving a developed site at an excessively high rate. For example. the intersm flow control standard
for the San Diego County HMP states that flows between 0.2Q35 and Q10 nmst be kept within 10% of
pre-development flows over 10% of the flow duration curve.

Receiving channel — the pre-existing creek channel into which the project mnoff 1s discharged

Background

The ultimate objective of the HMP is to prevent erosion in stream channels that receive nnoff from
developments. Erosion occurs becanse following development small to medinm size flows become larger
and more frequent, and recerving channels enlarge their cross sections through bed and bank evosion to
accommodate the higher flows. In addition. sediment reduction from landscaping and detention basins
creates ‘hunery water” which has a greater sediment capacity than the same volume of sediment-laden
watet. Channe] erosicn has impacts on the beneficial uses of the water body both at the receiving site, and
downstream where excess sediment is ultimately deposited. HMPs seek to prevent erosion primarily by
making the pre- and post-development mnoff characteristics (flow duration and pealk) match within the
range of flows that are responsible for most erosion (sometimes referred to as the channel-forming, or
effective, flows). Numerons studies have shown that this flow range lies approximately between a value
less than the bankfull flood and a value around the 10-vear flood. For the Inteim HMP they have been set
to 0.2035 and Q10, and these values are being examined for the final HMP. Flows below this range
generally erode and transport little or no sediment, while flows above this range are so infrequent as to
have little cunmlative effect.

Whilst flow control (either through the use of LID or detention facilities) 13 seen as the primary means of
preventing erosion, and the application of simple flow control standards or LID sizing factors is seen as
the most efficient way of achieving control, the Interim HMP provides some exemyptions, and also allows
an applicant to perform their own geomerphic analyses. The relevant section in the Interim Standard
states that an exemption may be granted if “the applicant conducts an assessment incorporating sediment
transport modeling across the range of geomorphically-significant flows that demonstrates to the
permitting agencies satisfaction that the project flows and sediment reductions will not detrimentally
affect the receiving water.” There are also exemptions for hardened chamnels and depositional channels.

The purpose of a geomorphic assessment would be to demonstrate that a proposed project could discharge
wto a receiving channel in a manner that did not meet the flow contrel standard, but that would not cause
erosion in the receiving water that exceeded pre-existing levels (within an agreed upon tolerance). This
scenario may be possible for several reasons:

C:'Documents and Setfines'rerompte’ Local Settings' Temporary Intemnet Files\OLEF O Geomarphic A ssesmentPrmer_ 051508, doc
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1. The flow control and TID standards in the HMP are average-to-conservative vahles, designed to
simplify the application process for small projects and reduce the burden of analysis while still
protecting creeks. Becanse ramnfall. soils, topography and the natuwre of the receiving waters vary
across the County there will be situations where less conservative flow controls or LID sizing
factors will achieve creek protection

2. The receiving channel may be depositional, so that increased flows from a project would simply
bring the channel closer to sediment equilibrivm.

3. Inalarge scale development it may be possible to configure the site’s stormwater management
system so that channe] impacts are avoided with the use of slightly different flow controls than
those put forwards m the Interim HMP (e.g. by de-synchronizing pealk flows from different sub-
watersheds).

4. The project may discharge into a flood channe] that is so oversized that the flows would not be
effective in causing erosion.

Because the potential sites and cirenmstances are variable, and the scale of the proposed developments
varies, there is no standard prescriptive method of conducting such a geomorphic assessment. However,
in this memo we lay out the required end products to demonstrate compliance and an example assessment
of each of the most likely scenarios.

Geomorphic assessment examples

Conditions for all geomorphic assessments

Whatever the circumstance, the geomerphic assessment nmst demonstrate that increased erosion will not
oceur after a site is developed. It mmst address the range of flows that is believed to be responsible for
erosion (identified in the interim HMP as 0.2Q5 to Q10).

Full runaff and sediment transport madeling of proposed site

An applicant could develop a full sediment transport model of the recetving water from the dischasrge
point to the downstream linut and condnet continuons simulation modeling to demonstrate that the project
would not canse impacts to the stream or that the proposed flow control standards are wnnecessarily
conservative for their development for site specific reasons. This would involve the following steps:

Step 1. Develop pre- and post-project rainfall mnoff models and conduet contimons sinmlation modeling
(See companion memo Brown & Caldwell, 2008, on continuons rainfall-reneff modeling ) The modeling
could take place nsing models including HEC-HMS, HSPF (or the HSPE-derived San Diego County
Hydrology Model). or SWMM. A period of at least 30 years should be simmlated using local rainfall
records. The model timesteps should be sufficient to capture the peak flow from small events {annual or
more frequent). For small watersheds (less than 5 square miles) flus is likely to require hourly timesteps
cring rainfalls preater than one quarter inch total.
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Step 2. Bnn pre- and post-development flows through a sediment transport model.

The flow records from Step 1 should be routed through a hydraulic-sedument transport model of the
receiving channel to the downstream limat. Applicable models include HEC-RAS version 4 and higher,
HEC-6, FLUVIAL 12, and MIKE-11. The resulting channel erosion from the pre- and post-development
conditions should be compared.

Applicant believes the channel is more resistant than average, and that some flows within the control
range will not cause erosion.

The lower flow threshold value (0.20Q3) is actually a surrogate for crifical shear stress, which can be hard
to measuge in the field and vares from site to site. If the actual critical shear stress in the receiving
channe] is higher than the level asswned by the flow standard there would not be a rationale for
controlling flows below this level This conld oceur becanse the chanmel was formed in stff clay. or had
coarse gravel or cobble bed and banks. Therefore, an applicant could legitimately try to establish whether
the critical shear stress of the receiving channel was higher than the boundary shear stress at 0.2Q5, and if
suceesstiol raise the level for their project to the flow at this stress level. This condition would have to be
met for the channel from the discharge point all the way to the downstream limit of influence.

FPotential assessment method

Step 1. Identify the enitical shear stress for the receiving water.

For sandy or coarser sediments this can be calculated from the median particle size and the Shields
nuanber:

Tc = T.c ('frs—'rjdf':l
where

T. = critical shear stress (Newtons per meter squared)

T'.= dimensionless critical shear stress (Shields parameter — assumed to be 0.03)
1, = specific weight of sediment (265 times water)

¥ = specific weight of water (9.807 N/m3)

ds; = median particle size (meters)

(Critical shear stress is converted to pounds by nmitiplying by 0.02088)

For cohesive stream banks or beds there 15 no simple enpirical relationship that can be nsed, and direct
measurements are required. Critical shear stress for cohesive beds and banks can be measured in the field
using a jet test (see Hansen and Coole, 2004). Alternatively uwndisturbed cores can be removed and testing
in laberatory flumes. There are values in the literature associated with sotl types, so potentially the soil

C:'Documents and Settings'rerompte' Local Seftings) Temporary Intemet Files\OLEFC Greamorphic A ssesmentPrimer_051508.doc

» PWA

13



Sara Agahi
May 15% 2008
Page 5

types in the channel could be mapped and use made of these literature values. Whichever method was
used a statistically-significant number of tests would have to be performed to characterize the channel
between the discharge point and the downstream boundary (e.g points at 20-30 locations between the
discharge point and the downstream boundary).

Step 2. Identify flow associated with critical shear siress

The discharge above which erosion ocowrs would be identified using hydranlic modeling of the receiving
water. In medinm to large developments this could be achieved most efficiently by developing a hydranlic
model (e.g. HEC-BAS) of the creek and for each sampled location of critical shear stress identifiring the
corresponding flow that generates that boundary stress. Alternatively, for a small development, it would
be appropriate to develop a spreadsheet mode] (Excel) of flow to caleulate the average boundary shear
stress at a series of flows and develop a rating curve.

Step 3. Identify recurrence interval associated with the critical flow

Becurrence interval for that flow could be caleulated wsing the methods cutlined m the San Diego County
Flood Mamual. If the flow associated with the critical shear stress 1s greater than 0205 the permitees
could raise the flow control standard to the actual value for critical shear stress, reducing the amount of
infiltration or detention capacity needed on site to meet the HMP criteria.

Channel may be depositional

If the channel is depositional from the discharge point to the downstream limit of influence then a slight
increase in flow erosivity could have beneficial effects (move sediment to the ocean rather than have
deposition in a channel). This condition is likely to oconr on low gradient sites (flatter than 0.5% channel
gradient) relatively close to the ccean.

The assessment could either develop a sediment transport model to show that the reach was depositional.
or could nse direct evidence. This could include using records to show that sediment was accunmlating in
the channel (connty sediment removal records, photographic evidence, repeat channel cross sections,
CALTEANS bridge reswaveys etc). Due to the episodic natore of erosion and deposition in Scouthern
California channels it is important that long term evidence be provided. For large increases in munoff
and/or where the channel is only slightly aggradational the applicant nst show that the project will not
tip the channel into an erosive condition. using sediment transport modeling.

Channel may be oversized

If the project discharges into an oversized flood control channel erosion may not occwr becanse the
channe] spreads flow over a large surface area, reducing boundary shear stresses. The applicant conld
demeonstrate this by calculating the flows associated with the flow control range (0.2Q5 to Q10) and vsing
a simple hydranlic model (Excel or 1D hydranlic model) to calcnlate the boundary shear stress in the
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receiving channel. If some or all of the flow range is less than critical shear stress the applicant could seek
a mise in the lower threshold to critical shear stress.

References
Hanzon, G. I, Cook, K. B. Apparatus, test procedures, and analytical methods to measure soil erodibility
in siftu. Applied Engineering in Agriculture, 2004 (Vol. 20) (No. 4) 455462
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BREOWN avp CALDWELL Memorandum

9865 Chesapeake Drive, Suite 201
San Diego, CA 92123
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Subject: Using Continuous Simulation fo Size Storm water Control Facilities
Date:  April 30, 2008

To: 3ara Agahi, San Diego County

From:  Tony Dubin, Brown and Caldwell
Mancy Gardner, Brown and Caldwell

Brown and Caldwell prepared this memo to help civil engineers throngh the process of sizing storm water
control facilities to meet San Diego Connty’s Interim Hydromodification Crteria (IHC). Since the
publication of the IHC this past January, the Conaty has been engaged in outreach activibies to explam the
new storm water modeling methods requured by the IHC and stoom water facilities that could meet the IHC
performance standacd. In response to the outreach efforts, the County has received several questions and
comments along a common theme:

1. How do we pecform continnons hydeologic modeling analyzes to size storm water control facilities?

2. What is the precise meaning of the peak flow and flow duration enrre matching standard desenbed in
the THC memo?

This docnment is not a complete “how-to mannal” for conducting continmons hydrologic modeling to meet
the Conaty’s IHC, but we hope it addreszes the major technical concerns of the local engineering community.

Using Continuous Simulation Models to Size Storm Water Facilities

The IHC requices continmons simmlation hydrologic modeling to adequately size storm water control facilities.
This is a significant break with the common local practice of nsing event-based modeling to determine
whether a storm water pond, swale or other device was propedy sized. Event-based modehng computes
storm water runoff rates and volumes geneated by a syathetic rainfall event with a total depth that matches
local recosds (e.g., rainfall depths shown in Conaty isoplevial maps). By coatrast, continuous modeling uses a
long time sedes of actual recorded precipitation data as input a hydrologic model. The model in tnen
simulates hydrologic fluxes (e.g., surface mnoff, gronndwater recharge, evapotranspiration) for each model
time step.

Continnons hydrologic models are nsnally rmn using one-hour or 15-minmte time steps, depending on the type
of preciputation data avalable and computational complexity of the model. Contimmous models generate
outputs for each model time step and most softwace packages allow the user to output a vadety of different
hydrologic flux tecms. For example, a continuons simulation model setup with 25 yeasrs of houdy
precipitation data will generate 25 years of hondy maooff estimates, which corresponds to maoff estimates for
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each of the 219,000 time steps (each date and hous) of the 25 year simulation pedod. While creating and
mnning continnons simmlation models involves more effort than mnning event-based models, the clear
benefit of the continnons approach is that these models allow an engineer to estimate how often and for how
long flows will exceed a pasticular threshold. Limiting how often and for how long geomeorphically
significant flows occur is at the heart of San Diego County’s approach to hydrograph modification

managemet.

Two common models were presented at a recent APTWA workshop on HMP issnes: HSPF and HEC-HMS.
HEPF refers to the Hydrologic Siomlation Program-FORTREAN and is distributed by the USEPA. HEC-
HMIS srefers to the Hydrologic Modeling System (HLMS) produced by the US Army Cozps of Engineers
Hydsanlic Engineering Ceater (HEC). Engineers nafamiliar with these software packages should seek ont
training opportunities and online gnidance. The USEPA conduets training workshops around the US to help
teach engmineers how to use HSPF. HEC-HMS trainung is prowided through ASCE and thicd-pasty vendoss.

The following list descabes the major elements of developing a hydrologic model and nsing that model to
size storm water facilities that meet the IHC.
1. Select an approprate histogical precipitation dataset for the analysis.
a. The precipitation station should be located near the project site or at least receive similar rainfall
intensities and vohumes as the project site.
L. The station should also have a minimmm of 25-years of data recorded at hondy intervals oz more
frequently.
2. Develop a model to represent the pre-project conditions, inchding
a.  Land cover types
b. Soil characteristics
. General drainage direction
3. Develop a model to represent the post-project conditions, including
a.  New land cover types — more impervions surfaces
b. Soil characteristics
. Any modifications to the drainage layout
4. Examine the model results to determine how the proposed development affects storm water flows
a. Compnute peak flow recucrence statistics (descobed below)
b. Compnte flow duration series statistics (described belowr)

5. Itecatively size storm water control facilities nntil the post-project peak flows and durations meet the
performance standard described below.

Understanding the Peak Flow and Flow Duration Performance Criteria

The IHC is based on a peak flow and flow dueation performance standard. To compnte the peak flow and
flowr duration statisties desecbed in the standard, model nsers must have a method for evalnating long time
secies outputs (usually longes than the 65,000 rows avadable i MS Excel 2003 and eacker versions) and
computing both peak flow frequency statistics and flow ducation statistics,

We recommend computing peak flow frequency statstics by constructing a pastial-dugation sedes (rathes
than an “annnal maximum™ sedes). This involres examining the entire mnoff time series generated by the
model, dividing the minoff time series into a set of discrete narelated events, determining the peak flow for
each event, ranking the peak flows for all events and then computing the recurrence interval or plotting
position for each storm event. To limit the nmmber of discrete events to 2 manageable sumber, we usually
only select events that are larger than a 3-month recurrence when generating the partial duration semes. We
consider flow events to be “separate” when flow rates drop below a thresheld value for a pediod of at least 24
homes.
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The exercise descobed above will generate a table of peak flows and corresponding recnrrence intervals (Le.,
frequency of ocenrrence for a partienlar flow). For continuons modeling and peak flow frequency statistics, it
is important to temember that events refer to faw avendr and not precipitation events. Peak flow frequency
statistics estimate how often flow rates will exceed a given threshold. For example, the 5-year flow event
represents the flow rate that is equaled or exceeded an average of once per 5 years (and the storm generating
this flow does not necessanly correspond to the 3-vear precipitation event). Ranking the storm events
generated by a continuons simulation and computing the recucrence interval of each storm will genesate a
table similar to Table 1 below.

Readers who are unfamuliac with how to compute the partial-ducation seses should consult reference books
or online resougces for additional information. For example, FHydrolopy for Engineers, by Linsley et all, 1982,
page 339. Hawdbook of Apoired Hydrology, by Chow, 1964, contains a detaded discussion of flow frequency
analysis, inclnding Annual Exceedance, Partial-Duration and Extreme Value secies methods, in Chapter 5.
The US Geological Snurvey (USGS) has several hrdeologic stndy reports available online that nse partial-
dncation secies statistics (see http: ! [water nsgs.gov) and

hitto:/ forater negs o/ osw/bulletinl Th /AGU Tangbein 1949 pdf).

Table 1. Example Peak Flow Frequency Statistics

Recurrence Interval [years) !:':j: L";“;l
.5 073
219 0.69
135 053
98 053
78 051
£3 051
53 050
15 0.50
41 049
37 048
33 048
30 048
28 045
28 045
24 045
23 045
21 044
20 042

Flow duradon statistics are more straghtforward to compute than peak flow frequency statistes. Flow
duration statistics provide a simply summary of how often a partienlar flow rate is exceeded. To compute the
flow duration series, rank the entire minoff time series ontput and divide the results into discrete bins. Then,
compute how often the flow threshold dividing each bin is exceeded. For example, let’s assnme the resnlts of
a 33-year continnous sinmlation hydeologic medel with houdy time steps show that flows leaving a project
site exceeded 5 ofs an average of about once per year for 30 hours at a time. This corresponds to a total of
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1050 honrs of flows exceeding 5 ofs over 35 years. Another way to express this information is to say a flow
rate of 5 efs is exceeded 0.34 percent of the time. Computing the “excesdance percentage”™ for other flow
rates will fill out the Aow duration seces. Table 2 kists an example flow duration series.

Table 2. Example Flow Duration Statistics

e ;‘:":m,l Percent of Time Flow Fiate is Excesded
002 067%
003 043%
0.04 0.3%
0.06 027%
007 021%
0,02 0.17%
010 0.15%
012 0.12%
013 011%
015 0.08%
016 0.08%
07 0.07%
019 0.06%
0.20 0.05%
022 0.05%
023 0.04%
035 0.04%
0.26 0.03%

The intention of the IHC performance standard is to Limit the potential for new development to generate
accelerated erosion of stream banks and stream bed material in the local watershed by matching the post-
project hydrograph to the pre-project hydrograph for the range of flows that are likely to generate significant
ameonnts of erosion within the creek. The IHC memo identified the geomorphieally significant flow range as
extending from two-tenths of the S-year flow to the 10-vear flow (0.2Q5 to Q10). The performance standard
requires the followng:

A. For flow cates from 20% of the pre-project 3-vear ronoff event (0.20Q5) to the pre-project 10-yeas
mnoff event (Q10), the post-project discharge rates and ducations shall not deviate abowe the pre-
project rates and durations by more than 10% over mose than 10%% of the length of the flow ducation
crrTe.

E. For flow cates from 0.20Q5 to Q5, the post-project peak flows shall not exceed pre-project peak
flowrs. For flow rates from Q5 to Q10, post-project peak flows may exceed pre-project flows by np
to 10% for a 1-year frequency mterval For example, post-project flowrs conld exceed pre-project
flows by up to 10% for the interval from Q9 to Q10 or from Q5.5 to Q6.5, but aot from Q8 to Q10.
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Determining When a Storm Water Control Facility Meets the IHC Performance
Standard

The previons section disenssed how to calenlate peak flow frequency and flow duration statisties. By
comparing the peak flow frequency and flow duration sexes for pre-project and post-project conditions, an
engineer can determine whether a stormwater control facility would perform adequately or if its size shonld
be increased or deereased. The easiest way to determaine if a partienlar storm water facility meets the THC
pecformance standard 15 to plot peak flow frequency curves and How duration cugves for the pre-project and
post-project conditions.

Figuee 1 shows a flow duraton curve for a hypothetical development. The three curves show what
peccentage of the time a range of Jow rates are exceeded for three different conditions: pre-project, post-
project and post-project with storm water mutigation. Under pre-project conditions the minimum
geomorphically sipnificant flow rate (azsnmed to be 0.20Q3) is 0.10 cfs and flows would equal or exceed this
value about 0.14% of the time (about 12 hours per year). For post-project conditions, this flow cate wonld
ocens more often — about 0.38% of the time (about 33 houcs per year). This increase mn the duration of the
geomorphically sipnificant flow after development illusteates why docation control is closely linked to
protecting creeks from accelerated erosion. Higher flows that last for longer durations provide the energy
necessary to increase the amonnt of erosion in local creeks. The post-project mutigated condition would
include stormwater controls designed to limit the duration of geomosphically significant flows. Figuge 1
shows that flows exceed 0.10 cfs only 0.08% of the time, which is less than pre-project conditions. This
means the stororwater control mitigations would counteract the effects of the imnereased pavement asscmated
with development projects.

An engineer can easily interpret the flow duration plots to determine whether a stormrorater control facility
would meet the IHC. Locking at the How range between 0.2Q5 and Q10, the post-project sutigated curve
should plot on or to the left of the pre-project enrve. If the post-project enrve plots to the left of the pre-
project eurve, this means a partienlar flow wonld ocene for shorter durations due to storm water controls.
Minor deviations where the post-project durations exceed the pre-project durations are allowed over a short
portion of the flow range as deseribed in THC item A abowe.
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Figure 1. Flow Duration Series Stafistics for a Hypothetical Development Scenario

Fignge I shows a peak flow frequency curve for pre-project, post-project and post-project with stocm water
mitigation scenarios. The curves indicate how often a particular flow rate wonld be equaled or exceeded. For
example, the pre-project 5 year flow rate would be 0.5 cfs per acre. Thiz means nnder pre-project conditions,
a flowr cate of 0.5 cfs per acre wonld be equaled or exceeded an average of once per 5 years. For developed
conditions, this 0.5 cofs per acre peak flow rate oeconr more often — about once per 1.5 years or, expressed
another way, moge than 3 times as often. The developed 5 year flow rate wonld inerease by 30 percent over
the pre-project condition, from 0.5 efs per acre to about 0.65 cfs per acre.

Storm water control facilities should reduce peak flows from the site to levels less than or equivalent to the
pre-project conditions. To determine whethes a storm water facility provides sufficient protection, examine
the peak flow frequency curves to see if the post-project mitigated peak flows are lower than pre-project peak
flows of the same recncrence interval The post-project mitizated scenario enrve shonld plot below the pre-
project ensve for reenrrence intervals betoreen 0.205 and Q10 to meet the IHC performanece standard, with
the possible exception of the small, allowable deviations descdbed above in IHC item B.
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Figure 2. Peak Flow Frequency Statistics for @ Hypothefical Development Scenario
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